-binding protein has been extracted from kidney and intestinal brush-border membranes with an organic solvent and has been purified by Kieselghur and Sephadex chromatography. The molecular mass of this protein has been estimated to be about 155 kDa as determined by gel-filtration chromatography on Sepharose 2B. Under denaturing conditions, polyacrylamide-gel electrophoresis revealed a monomer of molecular mass about 70 kDa. The protein has high specificity and high affinity for P1 [Ko05 (concentration at which half-maximal binding is observed) near 10 ,uM]. Na2+ binding also exhibits saturation behaviour, with a Ko5 near 7.5mM. Pi binding is inhibited by known inhibitors of P1 transport in brush-border membrane vesicles. It appears that this protein could be involved in Na+/P, co-transport across the renal and intestinal brush-border membranes.
INTRODUCTION
The existence of Na+/P1 co-transport in the kidney and intestine brush-border membrane (BBM) is a wellestablished phenomenon [1] [2] [3] . Recently Pi transport has been the subject of several reviews [4] [5] [6] , which reflects the extent of investigative work; however, the mechanisms that regulate Pi transport are still poorly understood. This lack of information is attributable, in large part, to the fact that little is known about the molecular properties of the transporting system, which has not yet been isolated. Attempts have been made at reconstitution of the solubilized and partially purified Na+/Pi co-transporter from renal brush-border membrane into artificial liposomes [7] [8] [9] . Electrophoretic analysis of protein incorporated into liposomes revealed a few polypeptide bands, and the question of which of them is the transporter remains open. Similarly, covalent labelling of carrier molecules by reagents reacting specifically with different amino acids were not useful in identifying the Na+/Pi cotransporter [10] . A lowmolecular-mass proteolipid named 'phosphorin', which binds Pi, has been extracted from rabbit kidney brushborder membranes [11, 12] . This proteolipid can not be a complete transporter molecule, but it might be part of one.
To explore the possible role of a hydrophobic protein as a carrier in transport of Pi, in the present experiments the purification and properties of the Na',Pi-binding protein extracted with chloroform/methanol from kidney and intestine BBM have been examined.
MATERIAL AND METHODS
Kieselghur (Extrelute) was obtained from Merck; Sephadex LH-60, Sepharose 2B, the gel-filtration calibration kit and the electrophoresis calibration kit were from Pharmacia; acrylamide, N'N'-methylenebisacrylamide, 2,4,6-trinitrobenzenesulphonic acid and phenylglyoxal were from Serva; SDS and urea were from BioRad; 4,4-di-isothiocyano-2,2-disulphonic acid was [13] . All phospholipids standards and other reagents were from Sigma. BBM preparation BBM were prepared from male-rabbit (6 months old) renal cortex and intestine mucosa by the magnesium precipitation method and differential centrifugation [14] . The purity of the final vesicle preparation was monitored by assaying the activity of enzymes known to be characteristic of BBM (alkaline phosphate), antiluminal membranes (Na+,K+-ATPase), mitochondria (succinic dehydrogenase), lysosomes (acid phosphatase) and endoplasmic reticulum (glucose-6-phosphatase). The enzymes assays were carried out by previously described methods [15] . Preparation of crude extracts The membranes were extracted by stirring for 4 h at room temperature with chloroform/methanol (2: 1, v/v) at a concentration of 1 g/200 ml. The organic extract was filtered through Whatman no. 1 [10] . The principle of this method is the equilibration of a watersoluble substance between a water phase and an organic 
RESULTS
In the final vesicle preparation, the BBM marker, alkaline phosphatase, was enriched about 15 times over that in the homogenate. Contamination of membrane vesicles by mitochondria, as assayed by succinic dehydrogenase, was undectectable. The antiluminal membrane marker, Na+,K+-ATPase, the lysosomal marker, acid phosphatase, and the endoplasmic-reticulum marker, glucose-6-phosphatase, are enriched about 1-1.5-fold in the final vesicle preparation. The enrichment factors for kidney and intestine preparations were about the same. What is of importance is that BBM vesicle preparations did not contain mitochondria, which also have a Pitransport system.
Extraction of the BBM vesicle with chloroform/ methanol (2:1, v/v) resulted in the solubilization of 0.4% of the protein in the BBM and most of the lipids.
This crude extract prepared from BBM appeared to be able to bind Pi and transfer it into the organic phase ( Table 1 ). The Pi binding activity of BBM vesicle extract prepared from different segments of intestine correlated well with the level of intestinal phosphate transport, which, in the case of the rabbit, is the greatest in the duodenum [18, 19] . When pure phospholipids or lecithin (crude phosphatidylcholine) were added to the organic phase, no increase in radioactivity was detected (Table 1) .
Because the transfer of Pi into the organic phase was mediated by hydrophobic compounds, we sought to detect possible binding of Pi to organic-solvent-soluble protein extracted from BBM. Therefore we tried to separate the Pi-binding protein from crude extract by using column chromatography. [Pi] (PM) (Fig. 2) .
In further experiments we studied whether the binding [Na+] (mM) Pi binding activity. Phenylglyoxal is also known to be a very strong inhibitor of Na+-dependent Pi uptake by BBM vesicles [20] . The involvement of the amino groups of lysine and arginine in Pi binding has been described for the Pi translocator in chloroplast [21] . Similarly, in the case of cytochrome c, the lysine residue is located within the Pi-binding site of the molecule [22] . The arsenate analogue of P1 was an equal inhibitor of Pi transport in BBM vesicles [23] and binding of Pi. A thiol residue is the next amino acid residue involved in the functioning of the Na+/P, co-transport system in BBM vesicles [24] . Modification of the thiol group by dipyridyl disulphide leads to the ihibition of Pi binding, suggesting the importance of this group in the binding process. The requirement for bivalent metal ions by the Na+/P1 co-transport system in BBM vesicles was observed [12, 25] . Similarly, binding of P1 was also inhibited by bivalent-metal-ion chelators. All these data postulate that the same groups are required both for the Na+/Pi co-transport in BBM vesicles and for the binding of Pi.
There is firm evidence that P1 forms, with Na+ and the Na+/Pi co-transporter, a ternary complex on the luminal surface of BBM that is translocated across the membrane into the cell interior [6, 26, 27] . Fig. 4 . P1 and Na+ were bound by the same fractions eluted from the Sephadex LH-60 column. These fractions were significantly purified with respect to phospholipids, as detected by t.l.c. chromatography (Fig. 7a, below) . The concentrated sample was then subjected to gel filtration on a Sepharose 2B column under nondenaturing conditions. Protein was eluted as a single symmetrical peak whose position was close to that of the aldolase marker (Fig. 5) calculated. The Na',P,-binding fractions eluted from the Sephadex LH-60 column were also submitted to urea/ SDS/polyacrylamide-gel electrophoresis. In this case a protein monomer with a molecular mass of about 70 kDa for both the intestine and the kidney preparation was revealed (Fig. 6a, lanes 1' and 1) , suggesting that, in its native form, the Na',Pi-binding protein is a dimer.
To isolate the protein components associated with the Na',Pi-binding activity from brush-border membranes we decided to use chloroform/methanol extraction. A typical purification procedure for the kidney preparation is summarized in Table 4 . Purification of the Na+,P,-binding protein was calculated only with respect to the Pi-binding activity. This procedure solubilizes relatively little of the membrane proteins and the bulk of lipids. The application of Kieselghur column chromatography was useful in removing other proteins and polar lipids, both ofwhich were more strongly adsorbed to the column than was the Na',P,-binding protein.
In the next step of purification the Na',Pi-binding protein was isolated from the bulk of phospholipids by Sephadex LH-60 chromatography. It is interesting that the total Pibinding activity of the purified protein was consistently greater than the initial activity. This increase may be due to the removal of some unknown inhibitors. The isolation (a) procedure indicates that the Na+,Pi-binding protein is a proteolipid, i.e. a very hydrophobic protein soluble in organic solvent as defined by Folch & Lees [28] . In contrast with our findings, Kessler et al. [11] have described the presence of a low-molecular-mass 3 kDa protein in rabbit kidney BBM that can bind Pi with high specificity and affinity. It is possible that, in BBM vesicles, there exist two distinct hydrophobic proteins able to bind Pi.
On the other hand, analysing the Na',Pi-binding fraction at different stages of purification we have also noticed a low-molecular-mass band on 15 %-(w/v)-acrylamide gel (Fig. 6b, lane 2) , which disappeared simultaneously with delipidation of the sample (Fig. 6b,  lane 1) .
There are two explanations for the above results. First, Kessler et al., [11] used a much more polar solvent and higher temperature of extraction than we did, and this might have solubilized different proteins. Secondly, a low-molecular-mass band revealed on polyacrylamide gel could be of lipid origin.
To answer this question we prepared a crude extract from BBM vesicles as described by Kessler et al. [11] . The protein was purified from that extract by Kieselghur and Sephadex LH-60 chromatography as described in the text. In the further studies the Na+,Pibinding fractions were subjected to urea/SDS/polyacrylamide-gel electrophoresis and analysed by t.l.c. for the phospholipids content. As presented in Fig. 6(a) , the sample investigated by electrophoresis in 7.5% acrylamide gel, always comprised the band corresponding to a molecular mass of 70 kDa. The fractions from the Kieselghur column contaminated with large amounts of phospholipids (Figs. 7a and 7b, lanes 1) had, in addition, a big smear in front of the polyacrylamide gel (Fig. 6a,  lanes 2 and 4) . Subsequently the same samples were electrophoresed on a 150 polyacrylamide gel. It appeared that the band in the low-molecular-mass region [11] .
was revealed only when the samples were contaminated with large amounts of phospholipids (Fig. 6b, lanes 2  and 4) . Decreasing the phospholipid content by using Sephadex LH-60 chromatography (Fig. 7) led to the disappearance of a band in the low-molecular-mass region (Fig. 6b, lanes 1 and 3) as well as of the smear visible on the gel (Fig. 6a, lanes 1 and 3) . Moreover, a mixture of phospholipid standards and phospholipid fractions eluted from the Sephadex LH-60 column without Pi-binding activity also gave a smear on 7.500 acrylamide gel (Fig. 6a, lanes 5 and 6) as well as a band in the low-molecular-mass region on 15 0 acrylamide gel (Fig. 6b, lanes 5 and 6) . Taken together, our observations suggest that the low-molecular-mass band is of lipid origin.
It is important to note that the Pi-binding sample, obtained by diethyl ether precipitation or partially purified by Sephadex LH-20 chromatography, when subjected for electrophoresis on 15 00 acrylamide gel by Kessler et al. [11] was still contaminated with phospholipids. This suggests that the low-molecular-mass protein in their samples could be attributed to the presence of phospholipids.
However Table 1 ) corresponds to that of the Pi transport, which is greatest in the duodenum and decreases in the distal segments.
The further observation that the protein can bind both Na+ and Pi provides some basic argument in support of assumption that this protein is involved in Na+/P. cotransport in BBM. All Na+/solute co-transport models are based on the premise that there exists a carrier with specific binding sites for each solute and Na+ [29] . It is of interest also that the apparent affinities of the Na+/P. cotransport system in BBM vesicles for Pi (Km,p fM) is two to three orders of magnitude lower than for Na+(KmNa+-70 mM) [26, [30] [31] [32] . It Another interesting finding that favours the suggestion that the Na',Pi-binding protein may be a co-transporter is its molecular mass. The electrophoretic mobility of the protein (Fig. 6a) in urea/SDS/polyacrylamide gels is identical with that of one of the proteins identified in the sample incorporated into liposomes conducting Na+/P1 co-transport [8] .
In many respects, the Na+/P, and Na+/D-glucose cotransporters of BBM share some similarities, in this light also the occurrence of the Na',Pi-binding protein as a dimer would be in accordance with Na+/D-glucose cotransporter which was found to consist of two subunits in their active form [33] .
Evidence presented here suggests that the Na+,P. 
